09/15/2009 15:14 FAX 6172274420 



E A P & 0 



gl 008/019 



A|)j>lic;ilion No. ! 0/559,784 6 
Amendment dated September 15, 200 4 > 
Reply to Office Action of July 15 t 2009 



Docket No.: 64603(70904) 



REMARKS 

Claims 1-6 and 1 1 - 14 have been withdrawn, Claims 9-10 have been 
canceled. Claims 7 - 8 are pending and are the subject of this Office Action. Support for 
claims 7 - 8 can be found throughout the specification including the Drawings and 
claims as filed originally. No new matter has been added. 

Applicant respectfully reserve the right to pursue any non-elected, withdrawn, 
canceled or otherwise unclaimed subject matter in one or more continuation, 
continuation-in-part, or divisional applications. 

It is submitted that the claims, herewith and as originally presented were in full 
compliance with the requirements of 35 U.S.C. § 1 12. The amendment of the claims, 
as presented herein, is not made for purposes of patentability within the meaning of 35 
U.S.C. §§ 101, 102, 103 or 112. Rather, this amendment is made simply for clarification 
and to round out the scope of protection to which Applicants are entitled. Furthermore, 
it is explicitly stated that the herewith amendment should not give rise to any estoppel. 

Reconsideration and withdrawal of the rejections of this application in view of the 
amendments and remarks herewith, is respectfully requested, as the application is in 
condition for allowance. 

Applicant now turns to comments made by the Examiner in this Office Action as 
follows. 

Office Action 

1. The rejection of claims 7-10, are rejected under 35 U.S.C. 103{a) as being 
unpatentable over Kosaka et al. (Exp Cell Res 245: 245-251, 1998) in view of Haruta et 
al., (Nat Neurosc 4: 1 163-1 164, 2001), is applied to the amended claims 7-8, for 
reasons of record in the Office Action, dated 8 January 2009. 

IIOS2 75572?. I 
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The Examiner states, "Applicant's arguments are based on the 
current claim amendments. Specifically Applicant argues that the 
present invention as recited in amended claim 7 is drawn to the use 
of iris pigmented epithelial cells "not being subjected to a gene 
transfer", while the Haruta reference teaches differentiation into 
retinal nerve celts after a "Crx gene is transferred and forcibly 
expressed" in the iris-derived ceils. Applicant also argues that Haruta 
teaches iris derived cells that are different from the claimed iris 
pigmented epithelial cells, because the celis of Haruta do not 
produce retinal photoreceptor cell marker rhodopsin, without the Crx 
gene transfer. Applicant concludes that the invention as currently 
amended in claim 7 is non-obvious over the prior art teachings 
because the skilled person would not accomplish the same results 
as claimed, without forcibly expressing the Crx gene in the iris- 
derived cells. As such the rejection is requested to be withdrawn. 

Applicant's arguments are fully considered but not found to be 
persuasive, because arguments that rely on particular distinguishing 
features are not persuasive when those features are not recited in 
the claims. Applicants arguments are largely directed to the Haruta 
reference, emphasizing the limitations inserted in the current claim 
amendments. As stated in the previous Office Action, Haruta et al 
teach the piating and maintenance of iris tissue from adult rats in 
serum free culture medium containing bFGF or FGF2, resulting in 
the proliferation of cells as a monolayer (Figure 1a f page 1163, para 
2). Haruta et al. also teach that the iris derived cells are positive for a 
retinal ganglion cell marker, neurofilament 200, wherein such 
differentiation into a retinal nerve cell is accomplished without any 
gene transfer. The previous Office Action does not describe Figures 
2 or 3, nor does it describe the differentiation to retinal photoreceptor 
ceils from iris derived cells by transferring a Crx gene, as extensively 
argued by Applicant. Furthermore, the claims as amended do not 
require the differentiation to retinal photoreceptor cells, nor do they 
specifically recite that the retina! nerve cells are photoreceptor cells 
that produce rhodopsin. Therefore, Applicant is diverting the 
arguments to the newly amended subject matter, side-tracking the 
arguments presented in the previous Office Action. 

The instant claims require a method for producing retinal nerve cells 
by isolating and differentiating iris pigmented epithelial cells, wherein 
the differentiation is induced by adherent culturing in a serum-free 
culture medium containing one of FGF2, FGF9 and CNTF. Based on 
the definition provided in the instant disclosure, a nerve cell can 
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comprise neurons as well as non-neuronal or glial cells (para 0122, 
0123), and a retinal nerve cell can comprise a retinal visual cell, 
bipolar cell, Muller glial cells, etc, (para 0040). Additionally iris- 
derived cells are broadly defined as comprising IPE ceils, and 
Kosaka et al teach the isolation of IPE cells. It is to be noted that 
USPTO personnel are to give claims their broadest reasonable 
interpretation in light of the supporting disclosure. In re Morris, 127 
F.3d 1048, 1054-55, 44 USPQ2d 1023, 1027-28 (Fed. Cif. 1997). 
Narrow limitation contained in the specification cannot be inferred in 
the claims where the elements not set forth in the claims are linchpin 
of patentability. See In re Philips Industries, Inc. v. State Stove & 
Mfg. Co., 522 F.2d 1137, 186 USPQ 458 (CAS 1975), 237 PTJA A- 
1 2, While the claims are to be interpreted in light of the specification, 
it does not follow that limitations from the specification may be read 
into claims. On the contrary, claims must be interpreted as broadly 
as their terms reasonably allow. See Ex parte Oetiker, 23 USPQ2d 
1641 (BPAI, 1992). Applicant is reminded that the claims define the 
subject matter of his invention and that the specification cannot be 
relied upon to read limitations into the claims. 

In view of the above discussion, it is reiterated from the last Office 
Action that: 

It would have been/therefore, obvious to the person of ordinary skill 
in the art at the time the claimed invention was made to modify the 
method of inducing differentiation of IPE cells to lens cells by 
adherent or monolayer culture method in medium containing serum 
as taught by Kosaka et al., to the monolayer culture in a serum free 
medium of Haruta et al., whereby the iris derived cells differentiate to 
retinal cells expressing neuronal antigen (i.e. inherently retinal nerve 
cells). The person of ordinary skill in the art would have been 
motivated because IPE and the neural retina have a common 
developmental origin, thereby giving rise to retinal neurons (Haruta 
et al. page 2163). 

Because, the source of the cells and culture conditions in the prior 
art teachings and the currently claimed invention are the same r the 
claimed invention as a whole stands prima facie obvious over the 
combined teachings of the prior art and stay rejected." 

Applicants respectfully disagree. The Examiner alleges that the Haruna reference 
teaches that the iris derived celts are positive for a retinal ganglion cell marker, 
neurofilament 200, wherein such differentiation into a retinal nerve cell is accomplished 

BON2 75577?,. \ 
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without any gene transfer. 

However, neurofilament 200 is a protein molecule known to be expressed in 
many kinds of nerves. Accordingly, although the result of iris derived cells being 
positive for neurofilament 200 suggests that the iris derived cells are differentiated into 
nerve cells, the result does not indicate that the iris derived cells are differentiated into 
particular retinal nerve cells. In other words, neurofilament 200 expresses in retinal 
ganglion cells, but this does not indicate that cells in which neurofilament 200 expresses 
are necessarily retinal ganglion cells. In fact, Haruta et at. does not describe that iris 
derived cells are differentiated into retinal ganglion cells. 

In view of the above. Applicant respectfully considers that the Examiner's 
allegation that Haruta et al. teaches iris derived cells are differentiated into retinal nerve 
cells without any gene transfer is incorrect. 

The Examiner alleges that a person of ordinary skill in the art would have been 
motivated to differentiate iris pigmented epithelial cells (IPE cells) into retinal nerve cells 
because IPE cells and the neural retina have a common developmental origin, thereby 
giving rise to retinal neurons. However, at the time of filing of the present application, it 
was completely unknown whether IPE cells can be differentiated into retinal nerve cells 
regardless of the fact that IPE cells and retinal nerve ceils have a common 
developmental origin. "Biochem. Biophys. Res. Commun., 2004 March 26; 316(1), pgs. 
1-5", a treatise written by the inventors of the present invention, reports the result of 
examining differentiation from human retinal pigment epithelial cells to neurons (this 
treatise is attached hereto). The treatise describes that although retinal pigment 
epithelial ceils could be induced into neuron-like cells, it was difficult to induce the retinal 
pigment epithelial cells into particular retinal cells, and no cells positive for a 
photoreceptor cell marker was observed. 

Applicant, in particular, believes that a conclusion of obviousness cannot be 

I JOSH 755722.1 
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made in view of the U.S. Supreme Court's and the USPTO's current interpretation of 
obviousness under 35 U.S.C. § 103. 

The PTO has issued Examination Guidelines for Determining Obviousness 
Under 35 U,S,C. § 103 ("Guidelines") in view of the Supreme Court's recent decision in 
KSR International Co. v. Teleflex Inc ., 550 U.S. 82 USPQ2d 1385 (2007), The 
Guidelines were published in the Fed. Reg.. Vol. 72, no. 195, October 10, 2007, As 
pointed out in the Guidelines, the Supreme Court in KSR reaffirmed the analytical 
framework for determining obviousness as set forth in Graham v. John Deere Co. , 338 
U.S. 1 , 148 USPQ 459 (1966), and also held that the Federal Circuit's application of its 
teaching-suggestion-motivation test was too formalistic 

Under Graham , obviousness is a question of law based on underlying factual 
inquiries that address (1) the scope and content of the prior art, (2) the differences 
between the claimed invention, and (3) resolving the level, of ordinary skilf in the r . r 
pertinent art. Consideration must afso be given to secondary factors, such as, for . 
example, evidence of commercial success, long felt but unsolved needs, failure of 
others, and unexpected results. The Supreme Court stated in KSR that 'While the 
sequence of these questions might be reordered in any particular case, the fGrahaml 
factors continue to define the inquiry that controls/* The Guidelines go on to state that 
"Once the Graham factual inquiries are resolved, Office personnel must determine 
whether the claimed invention would have been obvious to one or ordinary skill in the 
art." 

The Guidelines proceed then to articulate seven independent rationales on which 
to properly base a rejection under 35 U.S.C. § 103: (1) combining prior art elements 
according to known methods to yield predictable results , (2) substitution of one known 
element for another to obtain predictable results . (3) use of known technique to 
improve similar devices, methods or products in the same way, i.e., to obtain 
predictable results . (4) applying a known technique to a known device, method or 

UOS?. 7557?.;?. J 
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product ready for improvement to yield predictable results , (5) choosing from a finite 
number of identified, predictable solutions , with a reasonable expectation of success, 
i.e., obvious to try, (6) evidence of design incentives or other market forces sufficient to 
prompt skilled artisan to vary prior art in a predictable manner to result in claimed 
invention, and (7) evidence of some teaching, suggestion, or motivation in the prior art 
that would have led the skilled artisan to modify or combine prior art to arrive at claimed 
invention, i.e., predictable modification. All of these tests have the requirement of 
predictability That is lacking in the present case. 

In view of the above, at the time of filing of the present application, a person of 
ordinary skill in the art could not predict that IPE cells can be differentiated into retinal 
nerve ceils although IPE cells and retinal nerve cells have a common development 
origin. Accordingly, Applicant respectfully considers that the Examiner's allegation that 
a person of ordinary skill in the art would have been motivated to differentiate IPE cells - 
into retinal nerve cells is incorrect. 

Therefore, claim 7 directed to differentiation from IPE ceils into retinal nerve cells 
is not obvious over Kosaka in view of Haruta. Consequently, claim 8 depending from 
claim 7 is not obvious over Kosaka in view of Haruta. 

In view of the above amendment, applicant believes the pending application is in 
condition for allowance. 

CONCLUSION 

Applicants submit that all claims are allowable as amended and respectfully 
request early favorable action by the Examiner. Applicant's representative would like to 
discuss this case with the Examiner to learn if any outstanding issues remain after 
consideration of this Amendment. If the Examiner believes that a telephone 
conversation with Applicants' attorney would expedite prosecution of this application, 

UOS2 755722.1 
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the Examiner is cordially invited to call the undersigned attorney of record. Although it is 
not believed that any further fee is needed to consider this submission, the Office is 
hereby authorized to charge our deposit account 04-1105 should such fee be deemed 
necessary. 

Respectfully submitted, 

By ^ y ^/l^ - 

Gre^&ry ^Butler, Ph.D., Esq, 

Registration No.: 34,558 
EDWARDS ANGELL PALMER & DODGE 
LLP 

P.O. Box 55874 
Boston, Massachusetts 02205 
(617) 517-5595 

Attorneys/Agents For Applicant 



Dated: September 15, 2009 
Customer No. 21874 
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Abstract 

We investigated the ability ol adult hnmiui RPH cells to differentiate into neurons. Two cell lines were evaluated. The cclis were 
cultured in medium with 8V* scrum. ttaiKlerrcd u> u neural stem ee)| iTwinleuancc cultuic, and induced to differentiate WJth retiaoic 
acid. Tta t:rlls were. unnuimteyiochertiically examined al eaeh Step. Tile Cclk showed c pit hd tar-like morphology with $% scrum and 
all were immunoreactiYe for JVH1 tubulin. After transfer to the stem cell maintenance culture, they cha ngH mi»pholoiueMly and 
becjime Tminur>ore:ictive tor M AJ>5 and newolitomcjif.200 after inducement with retmoic acid. The ratio of M AP* positive*, cells wan 
higher in the young adult RPE cell liue. No GFAP or md-opsin irnnuin urea e live cells were observed, Adult human RPE celts. even 
from old pcifion arc capable of differentiating: into neurons, ulijjougit the ratio o, r mature neurons was greater ill the young than in 
the old cell hne in this condition, 
e 2004 Elsevier Inc. All rights reserved. 

AVj'nwtft. Adult human toUriM pigment epithelium cull; DiJIeiviili&ttoii' Neuron; Cilia 



$lcra ccllr. of various tissues have, recently gained in- 
terest because of their potential use as Sources of cell 
Iran aplanta Lion. Furthennore, the possibility of tr:Lnf> 
differentiation of stem cells even beyond germ layers has 
been reported, Mich as blood cell differentiation from 
neural s\cm cells and neuronal differentiation from 
hematopoietic cells although this remain:; contro- 
versial [2J. 

Retinal prOECiiiloj cells arc present in embryonic 
retinas [\\] and are a potential rr.Liind coll UaosphuUiUkni 
source 14]. 1 1 also has been shown that even in adult iniee 
retinal neural progenitor ceils reside in ciliary epithelium 
and can generate photo receptors [5 J. 

Wc previously reported that adult rat bruin-derived 
neural stem cells could integrate nod survive a flex trans- 
plant lion into the retinn |6] and thai they (Utfcrcntiatcd 

"Cuutfpoiidisij; ;mlbf»t. Fua- +KI.7.vyal-4T»l. 

K-rnail tnklrr.x*: M>:J:;rttuk:i(<i?k'jhr). k>i>l(.'.n,iH-.,ir (M, TuK»rw;;bi). 

WXto-WXti - front ranUcj C 2004 IZIscvicr luc. All rigbf* rcwuwj. 
cliM:HM(ll(VU'hif..:<!(KM.a:.I7; 



into neurons even in a dull host rrtnia, although I hey did 
not show any retinal neuronal marker expression f7]. 

We therefore investigated the potential of progenitor 
cells in other partt ol rhe eyes such as embryonic rctlunl 
progenitor cells [3*| t adult rat irisMJerivcd neural pro- 
genitor cells |9| and. m the study presented here, adull. 
rttimil pigment epithelium cells. 

Early in the 1970s, the word ^ransdiflfercntintion* was 
already used for the ability of retinal pigment cpttbebaj 
cells to deditrercntiule to tin in i mat tire status and Te- 
diffcrentiaie into another type of cell f|0], Since then it 
has become well known that R.PB cells of adult newt.s 
dm traiisduTeiemiatc into lens epithelial cells. Moreover, 
these cells am completely repenprale (he neural retina 
after its removal [11,12]. 

Rtrlimd pigmcut epithelial (RPE) chick embryo cells 
also ctm vransd liferent iate into neural cells with acidic 
fibroblast growth factor frtFGF) and basic fibroblast 
growi b factor (bFCiK) [13J. 
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As for mammals, in the presence of bHOp. cultured 
curly embryonic- rot RPE cells thai have not acquired 
pigment yet develop to form a retinu.-iike multilayer 
structure containing neuronal cells that express nmrkers 
of retiuul ganglion, nmacrinc, and rod photoreceptor 
cells. However » the ability of nil. RPE cells lo transdif- 
fernnliate is restricted to 0 Certain iiije r:m£e |J4|. 

In this study, we ijivosti^cilc<i whether adult human 
KPK cells have the ability to differcntiiitc into iicurvus 
and evaluated I he di/fcrenee between young adult KPJ; 
cells and the RPJ£ cells of an elderly man. 



Materials and methods 

Hutmn ret » ml yitjtnt.nt mcm crib 

Twi> UiiziKin ndull rrliruil pi^niwit Cpilhrlnil lujitl lima* wure Uwd m 
this siudy, UXOItil'H (KO.yc'ir-ofU hum;»n (hnferpnliiitetl pigmcnlcd 
epithelial crib)- 6 and AR1MM!). 

H£UHrPli-(> was csuibliiftcd by Uguchi ct al. and harvested from 
die eye bank eye of an 80-yeai -old male, wliik- A RPE- 1 9 was harvested 
from :i youuf ryr. 

fotablLKhnwnf oj the h**uui W/Vi vfl .■/■»«»• 

Tyetups were made from Ibocyc. idler which the ticu/ul ret inn wui 
removed from the eye cups nnd plated in PUS. The sycciips were in* 

CUbnlfrd in 0.05% .HDTA, n<! only [her. the piijincruced epi the lint h>yei 

wa«: peeled off. Alter irypsinr/jnion 01* :hc pigmented epithelium, 
dissociated ceils, were cultured in a collagen coated dish. Cdt* were 
passaged using trypsin EDI" A, and after several parage 5 tnc cells 
were cuthned'at low density am:! clooc\ of the celb were obtained by 
meah\ of colonv rinjp. We us til one clone that appeared health v 
(HA0HrPJ><0|UJ51. 

hUmiftaym re.'// culture 

Epuhflioi csitwre. First, (he ceils of iheac two cell lines were eul- 
hired in Ragle** ininbmirn essentia) wedKwi (MT:M; Oiheo, Rodrvjilc, 
M'D> .tupplcjnentcd with 8% hen? inactivated fetal bovine seruni, 1% 
-penicillin -jtreptomycin, nnc t at 3?*C, with 5% CO/, Th* medium was 

changed cVeiy A days. 

&/enj trir/r vul/urr. Nc*.<( 1 Wr laillnted the cell.*! under Ihc Kttne. coo* 
<lMir>n m ui-idl fix inaioiennnt?: of uc.urfil xteni wH*. 'Airy wen: 
cultured uu toniirrjitfpolY*l.M>rnithinc'COiUcd di:»he» Lt»»l;-.inii)fj fJu\- 
Ijccco'ft modified Fjif-'lttV n>vdium« Ham's Pi 2 (DMliM/M^ t>ihgn) 
K\»ppirMftitr«l Willi N: (Gibto) 70nj»/ml h^.su; tshroblii-^i urOwIti fuclor 
('h| ; O.K, Ciesr/yinK, Canil>i^ly.i:, IVfA) ;uid REC Hhnwin PpHlnrmal 
ginvvrh faetuf (P.Qf; Owi/yinr), anil nu:iib,if«tl »i ;t7^< v in humidilirif 
y r /- CO; in .nr. Thr mwliutn was changed rvtiry S <lays. 

i>ifirrcnliaiittn culfunr. After Khvitik 'MWfi cullurwl fur moiv Ihnn 7 
wwkj uittkr these conditions, iho uoJl.i were mduoccJ {« (lidKrentiatv in 
Ihv. DMbM/Fl2 by nctUitK»n ol N/. 0 PUS urid 0..StuM relioojv 
iiciii lor 10 day*. 

tmtnwwyloi'hwiisiry, 'i'bc maneJiiyrsr cijU\irr ceUs wero hxed m 
paraformaldehyde (Wafco Pujc Oiciniefll, OsaJca, Japan) in PBS for 
30n»n at 4 U C und bloctci:! with 20% DiocL' Ace (tJainihton-Sciyaku. 
Ojwtka, Japan) in PBS coi\iainin/r. 0.005% ft.i|x>hiu (Si^na, $t, l.t>ui.s 
NfO') fin 1^0 min. Afirr nrrunvjit of ihc l)lm:kiii{> Kotnlinn,, I hi* ciihnrml 
ceds were iucubafwl wilh piituaiy iinrihoilirs fin ^Omin at iiu'hii 
uunr»ctaturc. rrinias"y rjntil>t>ilKTs weir u.^ed en (he foltuwmx curuxii- 
KaUtNia; juinJM :Y»Onm*»i;il unU-;vineytulCftrafiii (l.-^(X); Si^inti) us thr 
if-tbinl t^plThelmrh etrll marker, nihbil pi>lyrlr>nul iinh-/.()-| (|;?(H>: 



Zyuwil I Jjhnnitorie?, Syulh ^m Fiaiieiwat. f^A). lt»i? li^hl ;iii».:<»ik! 
uinrk.cr. rubbw pwJydoual nnli-mu«isb> <J:4(ii); ChmilCvu) as ccctmi 
neuntl stem veil marker, mouse rnonwlooa* luUuim isotype iU 
(P-1TT ti^bulin; 1:500; Sigma), mouse manodonnl nnti-micro tubule as- 
sociated protein. fMAP) 5 <I:I()00; Clictrucou, Tcmccula, CA) and 
moi«c monoclonal ant i-nenrori lament 200 (UO0O; Si^tua) a«J iicurru\al 
inarlcm. rnhhil ixilyelnnal anti.glial fihrijlary acidic protein (OF A I*) 
!i« (Iih jiJmi iasH maker, ami nit;u\e monoclonal anli-HHl-opKin (IX CT- 
VI, 1: J 0,000; Sijrnja) si;; tl>i* rod pUoU^ri.vploi <:vll market. Aflui 
vYtiMhinx with IMtS. t tir; evils were incnhaleif with (ho afipropiinle stv 
ond'try fiTllibodieit lo) Atfrniii :il room H^m^niTure. Srcund;try anti- 
botliKiwcrc used at I be lottuwniK winvntriittons; Atcua J»1»wr iwuif 
anli-moapc im»r»im(»pfOb\ilin (1^ 1:500; Mo*e:ailar PrnK™. Uajj^ne. 
OR) and Alcjfn Khwr 54<» goat anU-mousc immunoBlobulin (lf$, I *. 5C»0; 
Molecular iYobes). Cell nuclei were counterslaincd with 4',6'-dca- 
niico-2-phcnytindok, dlhydrocfcloiide (DAPI) (1 u.fi/mJ; Molecular 
Piobes) added to (lie- secondary antibody solution. All antibodies; were 
diluted in PBS co»«:»ima>f 0.005%.%iipoi)tii and 5% Hlock Ace. The cells 
wen-, iheis %-a.«5hoit wdlr PBS ami mounted will) tjyLerol/PHS (hi). 



Results 

Characteristics of human retinal pigment cvjl Ijm: 

H80HrPlv<i cells anc< A RPE 1 9 cells showed a Oiit unci 
polygonal cpithelutl-like morphology without pigment 
in epithelial culture medium with fetal bovine aerum 
ty^,. 1 A). They ha<] rcmiiinrtc.1 healthy otter freeziot?, ami 
thiiwinjj. Celli oj' cither line contained no visible pigment 
^jjUil after 5 tuouihs' centre, whtsn some ccIIh of 
ARI'Kl9 showed visible pigment in their cytophi.sm. 

TDe cell?; cnlrured for 2 weeks in the epithelial culture', 
medium were examined inununocytochcinically. Most' 
of ihc arils showed imrnunoreHclivily for pwicyiofcarsi-. 
tin, a marker Tor epithelial cells, &\nd some parts ol the 
eells for ZO-I, a markftr for tight junction (Fig. IB). 
Moreover, all the cells showed p-JJJ tubulin (Fii*. 1C), 
but no MAP5 post live cells were observed (fig. II?). 

Culture under conditions uteri for tmtrat stem cell 
maintenance 

We cultured the aduh human KPli cells in tlie MEM 
with fctul ht>viriL' scruni U>r several Weeks (epithelial 
culture) and then transferred them to scrum-free rvu> 
(Hum with bFCF and KGF on lainhmx/poly-L-o mi thine 
co;tted dishes (stem tell cttlt\jre). The shape of the cell 
bodies of HKOHrPK-6 changed to spherical or spindle* 
lilv'e after 2 months of culture <Fij:. 2 A). ARP1V19 cells 
became elongated after several days and then spherical 
or spindle-like. 

In this condition we could not observe pancytolcern- 
tin, ZO-J, ^\P5, uor NF?-00 positive cells. 

Differentiation inJm cil for JO days with rethtoic acid 

After 10 days in :< ditfereotkuioji. culture, the cells 
extended multiple processes into the medium with 
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hg. I. RPti wfc cultural in Ragfe'd minimum f-ssnnlial medium supplemental with S% fetal 1'Ovme .wr/tiitv (AJ Phiwc contrast photograph. Thccelb 
thow fiat, epithelial tike mcjrpbolnpy. Tto biir - IWju»- (B-D) InmniftoeylochDiiiiKiry lor frtueytalawim fb. j;;rw;n) andt ZO-1 (B. red), for (Mil 
tubulin <C, gieetn, and for MAP? (D, mwa}. Nuclei writ fttrtmed witL OAPI. The hnr^ AO mm* (li.C). Hit* ^>iir-* KM) urn <D). 

rctinoic acid A*U the cells were P-IU Utbulm-positive 
(Hg. 2B). and a few cells in the HftOHrPE-6 culture nm\ 
some in the ARIH-jS-19 CM I Hire showed imnrnnorenotivtry 
for MAP5 (Figs, 2C and D) Some of the cells were ulf;o 
NMOO-pmitive (Fig, 2I>), However, we could not detect 
any GFAP- or rhodn|win-posi?ivc ceils (Figs. 2L ; and AO, 
unci even when we tried to induce glial differentiation 
with n high concentration of FBS, no GFAP-posilive 
cells were observed in cither cell line. 



Discussion 

The RPE celts of many vertebrate Species can dedif* 
fcrendnte and tranxdifieremiiite in response (o change;? 
in their environment. Ii is well known that in amphibia 
ans RPE cells tramd liferent iat.c not only into lens cells, 
hut atoo into retinal neurons |10J \ t )6] t ft waa reported 
Ihnt growth factors and extracellular matrix compo- 
nents am found to be important in the conlTol of the 
trHnsdirTcrcnuation process of vertebrate pigmented ep- 
ithelial cells [IS]. 

In embryonic rat, KWi cells were seen to tmnsdif- 
fcrentiate into neural rclin.1 although this ability 
was restricted until npe E13 [14]. These findings show 
rhai. environmental factors regulate the expression of 
neuroii-ussocialcd £ene^ in KFE cells. 



To evaluate the potential of adult mammalian RPR 
cells for lr;msdifl'crentiation into neural cells, we. used 
two adult human cell lines. ARPE-19 was bur- 
vested from the eye of a 19-year-old young adult. 
H80HrPB-o' is one of the cell lines which we isolated 
from an SO-year-old person, ;jfcd the cells were cloned 
from u single cell. The original primary cells were shown 
to be capable of tiansdirTercntialing into lens. It way 
reported that HSOIIrPE-6 ceils became lens cells wIkmi 
they were cultured in hard agar and the other on MA- 
TIUGBL which contained growth factor?;, and this 
cell line expressed key genes of lens development and 
regeneration, Pax-fi and | J 5,1 7}. 

ARPE-19 is a retinal pigment epithelial (RPK) cell 
line derived in fpKti by Amy Aotafci Keen from the 
normal eyes of ii 19-yeai-oid male. This cell line has 
been widely used in studies of RPE function as well as 
j^cne expression [18). 

Under li^ht microscopy, both ARPE-19 and 
HHOHtPK-6 showed flat and polygonal epithelial shapes 
in medium with FHS. *l"Hey proliferated constantly and 
could he passaged with the aid of trypsin HDTA. Cells 
of both lines remained healthy after freeze- :ind-ihuw 
manipulation. TbcAc were common characteristics of the 
two cell lines. While neither cell line showed pigmenta- 
tion during short-time culture, ARPE-19 cells contained 
pigment after several months' culture. 
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I'm. 2. (A) I'basc contra:;! photopraph ol'RPIi cells cultured ii: serum 
fr<* L>MteM/T]2 with t-FCt and EGF on tanunm/potyH.-ornithiue- 
coatee (lUlK^h. The tanas KJOiun. <W P) KPK cells after induction *>f 
(lifferentimJon witii retinotr* acid without bFGI 7 . Nuclei were stained 
with DAPJ. (K) tiriinuirftfyiochemiKtry fi>r tubulin (petti) ami 
OFAP (red). Tin: liar— tojjm. (CD) tniimsnocyiaohcrnwiiy for MAP 
5 dsnam) in AIU'C 1 9 (C) stud flVOHrPE 6 ()>). Tlu! bar » !(Jl>,«n. (E) 
lramimw;yia:homistry for neurofilament 700 K. (prccn). The 
bar:-. inUum. (!*") ltiununocytocliciiust ry for rcxi-opsin (RUT PI) 
fprccc). The bar — 100 um. 



In n previous study, it was reported that once RIT. 
cells were moved from an in vivo to an in vitro culture 
rryslcm, ihcy began to express iho class 111 isotype of 
p-tubulin [19], which is normally restiieled to neuronal 
cell phenolypcs in the retina |2Q,2I]. In the siimc study, 
all the cells of' both lines expressed p-10 tubulin rn z* 
medium in which pigment epithelial cells can proliferate. 
From this result it appears that the Ul*E cells are closely 
related tn neuronal lineage cells and cosily acquire their 
characterisiicr* in vitro. 

Palmer ct al. succeeded in isolating ibe neural stem 
cells from adult rat hippocampus risque on Inminin/poly- 



^ornithine coated dishes with a b.FGF containing me- 
dium. To induce differentiation, the cells were culUirutl 
in a medium with 0,5% i>erum and 500 nM uil-trans 
relmoic acid [2?.,23J. We used th* same methods for the 
RPE transdiffcrcntiation by cul taring the RPE cell lines 
on ]nmiuin/poly-i,-onn thine coated dishes and in » me- 
dium with bFGF and EOF. After culluring under stem 
cell maintenance conditions, the shape of most cells 
changed to splierical or spindlc*Jikc, and the cells no 
longer expressed the RPF marker or ZU-I. 

After the cells were cultured in Oic medium with 
rcttnoic acid to induce neural differentiation, some of 
them extended processes awl not only (Mil tubulin but 
also MAP5-positivc cells were delected. A few cells ex- 
pressed neurofilament 200, which is ii mature ncuroitaJ 
marker. These adult human RPE cells therefore have the 
potential to diJTcTcnUnlc into mature neurons. The ratio 
Of MAP5- positive cel!r> way roucn higher in ARPR-I0 
than in H80HrPE-6\ which means the younger RPV. cells 
could more easily differentiate into neurons. However, it 
is remarkable Lbiii the RPE cells from <m 80-year-old 
hirrmm could still rruiintuin the ability to differentiate 
into neurons. 

Another interesting point is that we did not observe 
any GFAP-positive cells even with 10% fatal bovine 
scrum in culture medium. Neural stem cells usually 
differentiate into only ^lia with this hirfi concentration 
of serum (unpublished data). Together with the fact dial 
all of the cells were positive for full tubulin, it can be 
postulated that these dedifferentiated RTE cells attained 
the characteristics of neuronal progenitor like cells, so 
that they could not differentiate into tfliaJ cells. More- 
over, it appears that wo could not use (Mil tubulin as a 
mature neuronal market because the cells with a flat, 
epithelial -like morphology also proved to be immuno- 
reactivc for 11 in this study. We therefore consider |MU 
ttibtdki to be a neuronal lineage rnarkcr. 

J.n summary, we showed that adult human retinal 
pijrmenl epithelium cells are capable of different ia tini* 
into neurons. The ability to differentiate was greater in 
the young than in the old human RPE cell line, although 
the lattrr could still differentiate. Since we could not. 
observe any photoreceptor marker or glial marker po- 
sitive cells, conditions making ii possible to obtain ret- 
inal neuronal cells Irnm RI*R cell lines should he 
examined further. 



References 

[3] 1£. Mczcy. KJ. Chandross. O. Maria. R.A. Maki. S.R. McXer- 
cbcr. TurmiJ|; blood iiilf* bidiii. cell:, hearing nciuonu) ;\::tj(y.*Ji.t 
generated in vivo worn bone marrow, Science 290 (2000) 1779- 
17X2. 

PI A.J. Wai*c:?., R l- ShciWoiKl, J.L. C^irLsftfjiicn;, t.L. Wciteitifeii, 
Utile evidence for (tcvdoptnuniiil plrtfifivSty of ;u;lu!t htfmatopoietie 
cells, teiwr. «»V CSOftJ) 4 :2$6 I'M.' 



PAGE 18/19* RCVD AT 9/15/2009 3:12:30 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/33« DNIS:2738300 ' CSID:6172274420 ' DURATION (mm-ss):03-06 



09715/2009 15:16 FAX 6172274420 E A P & D 0019/019 



K. Atfnemtya et a). ! Bioehwmwa! twd tttophyxtwl Rc$+,trd\ C*»*»tunicittMt* J Id (2004) ! .> ^ 



p| I. Ahmad, CM. Dooloy, W.H. Thmrcim* iJK. Rogers, S. Ajial. Id 
viiro analysis of « tntunmiilmn tc*it>mI progenitor that wives rise to 
neurons rtrt<i flUa, I»mia lies. S31 (1999) t-IO. 

(it] D.M. Chitcko. J. A. Rogers, J.E. Turner, I. Ahmad, Survival and 
dilTcTcrjiiatjoo of cultured retinal proffeonora transplanted in the 
twbrctmuJ space of thi» rat. BiochiMi. ftiophy*. k«i, Common. 76% 
(20001 842-M(J. 

(S) V. Tfopcpc. B.L Coles, K.I Chias^m, Kt*tin:il vtrm v.r.ih \r\ the 
fldult mammalian eye, Sriimui: 2*7 <?0fJ0) ?0!l?-?03o. 

|Ci| M. Takalms,hi. T.t>. Kilmer. J. 1 ukahushi. F.R Gage, Wide* 
.spread integration tun! »urvivul of sdnR-derivcd neural progenitor 
ceils iii the dcvrJispioK opiu: retina, Mol. CcJJ. Neurosci. 12 (1998) 

|7| A. NWnda, M. TakaJia<ibi. H, Taniburu. 1. Nakauo,, J.B. 
Takahashi. A. M>yo$Udu, C. ldc. Y. Honda, Incorporation and 
diireremiation of hippocampus-derived neural Gtem ctlk rran^. 
plnnico in injured adult rat retina, invent. OpinhiilmnJ. VK. Scl 4| 
(2000) 4268-4274. 
l»i T. Akjfii. M. Ha/uiti, J Akita, A. NishkJa, Y. Honda, M. 
Takaunshi. Different olwoetcrislic:; of nil retinal progenitor cells 
fi on* different centre prruuJj, Nfetuosu. Lett. Mt (2C»03) 213-216. 
{9j M. Hnruiu. M. KomiVu, Y. KoJicgac. !. Suitou, T. Inouc, ft. 
Kajiyyamn, A. Nhhicn, Y. Honda, M. 'Ilfahasiii, Induction of 
pl^rott'COtrHOf-SpcCiuc phenotypes in adult mMOffcilian iri* tissue, 
N;i< . McuroscL 4 (200 i ) II CX 

|JO] l}. fcgnrhi, T.!>. Okada. Diucraiiiaiiim of tens tJtswn: from dw 
progeny of cbick retina) pitpnont cell* cultured in vitro: a 
dcmoiisliatimi of :i switch of c*H types m clonal ctdl mill a™, 
Vn*. Nqit. Anid. Set. USA 70(197?) I49S-J499. 

(UJ ft. /-hao> I.J. Riz70lo, GJ. Barnstable. nincrentiiiOon and 
LiunNctitTenrntutiOR of the retinal pigmrr.t epithelium, Int. Row. 
Cylol, J 71 <I997) 225-266.. 

jl2J <;, £jrii<!lii. R. Kodama. TranBJillcrcnijaiioo. Opin. CcJJ. feint. 
Rev. 5<1993) |O2£ ]02fi. 

[13} E 3 . GuilJcmni, Cl_ Cfcpko. Rtitinn! fate mnl joingliuti crH 
dificrcniiiJlicm «re PO^r»lW(ed by acidic FGF in um in vilm ;i»»iy 
of c^y retinal it-vftJopmcnt, Development ) 14 (1^.92) 743-7M, 



[t4J Zhfto. S.C. Thornquist, C.J. riatnKt^hte, In vitro tr.niJidjiTrren- 

tiatiou of embryunit; nit rctmiil pipjnnnf opitholinm to ncimtl 

reiinn, (Irnirr Kej». 677 (1995) 300-110. 
FJS| Kwfoma. O. Uencht. Fix/m lens reueneraliori »u the uewt to in- 

vi{ri> tmnwIilleiwtiattoD of vciicUnitc pijf.iitKnicfl Rpiihelial cells. 

Srmin. CdJ. Hiol. ([^) J43-I49. 
Tlf'l G. P-^uchi, Cellular atui ruttkeeuiar background of wolttlJin Jen/, 

rejicneraiioo. Cell Dilter. Dev. 2f> M7-158. 
[17J )VA.Trtonc(, \V. J;in(u K-D, Rio-T:tonb, G. E^udii, A urmjiw u>^it 

hnrnrtn relhial pi^ncnted epithelial tx*!l hnu iiiwfui lor $tuUym^ 

lea?; Lufferciiltation in vitro. lm. j. Dev. ftiol. 4,S {7(W,)1) 

75.W758. 

f?ftl K.C Oanu. A.K. Aotnki-Kfieti, K.R. I'ulkcy. L.M. Hjclmciand, 
AK|*r3-l*>» a h\*m;\\i it^litud f>i>',inun( ^pitrwliitl i,r\\ lm» with 
dilTer«riti;Mt*d piopcrlic:i, Kxp. Kyc Hra. n2 tl»>f;ti> lSS-169, 

[19] S.A. Vinorcj, N.L., Pe-rc^wtuk. J. MahJow. S.F. ITackcu, J.A. 
1-lall.ir, E. deJuan, A. r-mnM'ortei, J\A. Oaoj.«ocliiari>, au.n<i 111 
lx;t:i-Luha(in in hunwu retinal pigment epithelial eella in Caltarq 
jituI in epirclinal membranes, Vxp. \lyt. Re*s CO (WW) 3»5.-4t50. 
T', Cass. A. Frankfurter. CD. K»tsbh«:, M m H«nij;»iv, UA. 
Donoiu), l. J. Rubimreitu Anliijcnu: f.tpni«;sii>M of nfUroiMK^xi- 
atcd clnss III bct;i inbuJin hoiypv (lj N'ln 4j and microtubule- 
asiiHiiatcd piotcm 2 (MM 1 :) by the human rctinohl:«iorna cell 
line WERl-Kb!. A comparative immunoblot and imrmtfincyUv 
chcrriic;»l tuuW, OphtbcUmic Res. 22 (1990) $7-(*}. 

f211 CD. Kinney. M.M IJct-man. A. PrAukruucr, S. (IITcr, E. 
rcrentcs, LJ. Rubinstein, NcUMn.^n^jjird clwui JH hcfn-litbti- 
lin isorype, mi^otiilinkv»ixNiK3Htcd protein 2, aixl tfyriajuoph^in 
in Iiuti:»i rc!itnnht)i!>!oTii4U in situ. Fvirther iMU.nuoohiL , '.to7hcmical 
. utMcivaiiorijs i>n l?k« Flexnci WiaicjiitcitiCf ro*e(i<3 k Li\b, Invest. 
<i1 1 1 99 1) 4S Sij, 

132 1 [•.!>. Painter, J. Tnkahn^hi. F.H. <*Ja#E % Th<t iuluti r;>e Nppocaji*- 
pur; LiiniHinK pniuor<tial newal jticm tells* Mol, CpII. Nenro,«i. « 
(1997) 389-tM. 

i?3] J. ■ Takahaahi, T.t). r\ilmo, Ft I. Cfage, KelitkMu :in<l 
ncurotrnphins LoliuboratK to regulate uour^naiiv in :i<iuH- 
; derived neural citin <xfl iiutiinns. i. Ncurobiot. f l:>99) ft^-Sl, 



PAGE 1 9/1 9 * RCVD AT 9/15/2009 3:12:30 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/33 • DNIS:2738300 ' CSID :61 72274420 * DURATION (mm-ss):03-06 



